ABSTRACT.-Previous studies on badland areas in the Vallcebre basin (High Llobregat) 
The method used consists of the continuous monitoring of regolith temperatures at different conditions of aspect, depth and lithology (colour), and the periodical sampling of regolith moisture and bulk density, the last taken as an indicator of the weathering status. Besides this quantitative information, the changes of the surface of the regolith have been monitored with the help
The Vallcebre basin is located in the Pyrenees range, at the headwaters of LIobregat river. The basin has heights between 900 and 2245 m. a.s.l. and an extension of 21 Km^ (Fig.1 ) .
The climate is submediterranean mountainous. The mean anual precipitation, measured at Vallcebre station (1119 m. a.s.l.), is about 815 mm affected by both a great annual (interannual variation coefficient about 206 mm.) and monthly variability (3 rainfall peaks in autumn, spring and August, the last one due to convective rainstorms). Winter is the dryest season on the year. The mean temperature measured at Cal Parisa experimental basin (1480 m. a.s.l., sunny aspect) is about 9.2''C showing a great thermical amplitude (dally oscilations of 20*^0). The cooler months are January, February and March, and the warmer are June, July and August. Freezing occurs about 100 days per year, and snowfalls occur between late Autumn and early spring but can occur as late as early June (LLORENS, 1991) . Vallcebre (ver BALASCH et al., 1992) .
Badland areas on smectite-rich mudrocks in the Vallcebre basin are paramount sources of sediment because of erosion rates as high as 9 mm/ year. It has been suggested after field observations that erosion power is usually able to erode most of the regolith every late summer, the erosion rate being limited by the weathering rate (CLOTET et al., 1988) .
The aim of this work is to describe the research design set to analyze to the physical weathering processes of these materials, especially in relation with wet-drying and frost-melting alternances.
The research design has been made following former work from MILLER (1973, 1975, 1980) and BROWN & PAYNE (1990) who studied the effect of freezing for the alteration of clay soils; FARRES ( 1978) and HARVEY ( 1987 HARVEY ( -1992 who studied temporal changes on surface morphology using periodic photograps; NORRISH & RAUSELL (1963) and GARRISON, PROST &. GAULTIER (1983) studied the phenomenon of the expansion on clays, in relation to water contents; and finally HILLEL ( 1960) , MORISAWA ( 1964) , HILLEL & GARDENER (1970) . ENCELEN (1973) . HAIGH (1978) . IMESON & VERSTRATEN (1988) and other authors, studied cracking, rill and popcorn-like formation, runoff and other processes in badland areas and clayey soils.
Materials and Methods

Characteristics of the materials
Vallcebre basin lithology is dominated by mudrocks, these are continental clays from Trennp formation, dated at the Cretaceous-Palaeocene boundary. This material presents from 35 to 59% of clays, principally illite, kaolinite and smectite, a low content of chlorite, with carbonate contents from 37.2% to 62.5%, iron content from 1.6% to 3.6% and organic matter up to 0.37%. The particle size distribution is generally rich in silt and clays, and shows a poor content of sand (SOLE et a!., 1992) .
The more relevant mechanical characteristic of these materials are the high swelling performance, due to the role of smectitic clays. Other physical properties (HARO eta!., 1992) , shows these values: plasticity index, between 22.04 and 43.91; hydraulic conductivity, 30.6 cm/h and 4.1 cm/h, for the superior level and 15-20 cm respectively; direct shear test, cohesion between 60 and 14 kN m"^ and 20-25° of friction angle; and circular shear test showed residual cohesion values of 8 kN m"^ and 21-23° of friction angle.
Field instrumentation
We selected four plots in the Carot badlands area (Fig.1, star) , the separation between plots is between 1 and 15 m.:
Plot 1 (red regolith) is 5x3 m. of size and dips 38-42°NNE. Plot 2 (yellow-orange regolith) is 2x5 m. of size and dips 24°NNE. Plot 3 (red-pinkish stony regolith) is 2x5 m. of size and dips 15°NNE. Plot 4 (gypsum rich red regolith) is 2x2 m. of size and dips 42-44°NNW. On these plots we applied the following methods and instruments:
Stereoscopical series of photographs, are periodically taken on the plots 1,2 and 3 as it follows: a Hasselblad MK 70 camera is installed on a tripod especially designed by the first author (Fig.2) , completely collapsible to handle easily, that allows to take photographs of the surface, assuring .0 1 .8 1 .2 1 .9 1 2 .8 1
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http://pirineos.revistas.csic.es unalterated photograph spatial conditions. The support is "T" shaped and its dimensions are 110 cm length and 110 cm width, it allows the instalatipn of legs of desired height, 170 cm and 110 cm legs are used respectively on gentler surfaces and steeped surfaces. The surface area covered by the photographs taken from 170 cm is 80x80 cm, and 50x50 cm for those taken from 110 cm. The degree of overlap between two consecutive photograps is more than 60%, to guarantee the stereoscopical effect. The camera tripod is installed on the plot by introducing its legs into PVC tubes permanently fixed in the soil. On the plots is situated a series of deeply seated reference pins to make easy the comparison between photographs.
The photographs are taken always with flashlight, to provide an homogeneous and constant lighting of the surface.
Photographs are then analyzed with an Image Procesing System (IPS Kontron), to quantify surface cracking, and to perform microtopographical analysis.
Temperature recording, two Dataloggers Thies DLS 5000 have been installed, each of them have 5 temperature sensors, that record soil temperatures every hour. Sensors are distributed as it follows: grass vegetated soil temperature (28°NE, 1 sensor at 5 cm depth); air temperature (1 sheltered sensor at 1.5 m above the ground); north-east sloped red regolith (40°NE, 1 sensor on the surface and 1 sensor at 10 cm depth); northwest sloped gypsum rich red regolith (42°NW, 1 sensor on the surface and 1 sensor at 10 cm depth); south-west sloped red regolith (42°SW, 1 sensor on the surface and 1 sesor at 10 cm depth); horizontal red regolith (1 sensor on the surface and 1 sensor at 10 cm depth).
For recording surficial temperatures the sensor was integrated within the first centimeter of surface crust, the surface of the sensors was covered with regolith material to avoid the metal to appear in case of partial exposition.
Datalogger files are collected with a PC. Here we analyze only maximal, minimal and mean daily temperatures obtained.
Bulk density and moisture, are measured every 15 days. Moisture samples are obtained on all plots at three depths: 1-Surficial crust, 2-Regolith 0-5 cm, 3-Regolith 5-10 cm. Samples are obtained with stainless steel tubes of 2.7 centimeters inner diameter marked with an interval of 5 centimeters; moisture is determined by drying samples in an oven to 40°C (we can not use higher temperature because the p4 regolith has a high gypsum content, whilst pi ,p2 and p3 have lower contents). Bulk densities are periodically obtained for regolith 0 to 5 centimeters deep; and also bulk density of unalterated clayrock, between 30 and 35 centimeters in depth, has been measured.
Spatial heterogeneities of regolith bulk density and moisture are analyzed in a seasonal basis ( 1 or 2 times each season). For that, about 15 samples are taken within every plot, the results are used to test the significance of temporal variations compared to spatial ones.
Laboratory setup
To complement field research we have characterized the regolith materials and designed a laboratory experiment:
Chemical characteristics of regolith materials: Total iron conten was determined by acid dissolution of the samples and subsequent analysis with Atomic Absortion Spectrophotometry.
Organic matter analysis was carried out by acid dichromate oxidation (LoTTi & GALOPPINI, 1967) (Organic matter values drop below the resolution of the method).
pH and electrical conductivity were determined with conventional electric pH and EC meters.
Physical properties of regolith:
Particle densitywas performed with an Helium Picnometer(Micromeritics). Particle size distribution was performed by wet-sieving to 50 microns. Fractions below 50 microns were analysed by Laser Particles-Analyzer (Malvern, Mastersize/E).
Microporosity was performed with a Carlo Erba Mercury Intrusion Porosimeter in the range of 0.001-100 microns pore size (LAWRENCE, 1978) .
Clasificatiôn of the stability soil aggregates, using the Water Coherence Test (EMERSON, 1966) .
Mineralogical analysis:
Total mineralogy by dust sample XR difraction. Clay mineralogy by XR difraction of orientated homoionic agregates.
Laboratory exper/menis; freeze-thawing and wetting-drying cycles were run on unalterated samples, using big Kubiena boxes (5x1 Ox 18 centimeters). Unalterated low weathered mudrock samples were collected at 30 centimeters of depth, in the vicinity at the field plots (pi, p2, p3). The cycles were managed as follows: air drying at room temperature, saturating with distilled water, freezing to -3°C, and air thawing; each time had one week of duration. Cycles were replicated untill regolith samples were structurally similar to the surficial altered regolith.
Surface microtopography measurements of these samples, were carried out at the end of each cycle with a "Laser profile meter", designed at the "Istituto per la Chimica del Terreno" (Pisa, Italy), performing 9 transects per sample. This apparatus allows the measure of soil microprofiles, useful for obtaining soil roughness (PINI etal., 1991 ) , and also to appreciate the volumetric variations of the samples, and therefore sequentially evaluate physical alteration of the regolith profile.
Results
2.1.
Characteristics of the materials, are reported In Table 1 . LIthologlcal differences between the materials studied are reflected in the results of the analysis. Red regolith is the more rich in dolomite whereas yellow and yellow stony regoliths are richer in calcite. Smectite and illite contents are high on all lithologies but they are somewhat higher in the yellow regoliths than in the other lithologies. Grainsize distribution shows the relationship between mineralogy and size of particles, with a 89-96 % of silt & clay particles, and there are not great differences between the 3 regoliths (gypsum rich red regolith was not analyzed, because its high content in gypsum); density of solid particles is somewhat higher in red regolith because its major dolomite content, and lower in the gypsum rich one. Porosity in surficial horizons is higher than in deeper ones, the difference is higher in macroporosity (about 100 microns), pH and conductivity show some difference between the gypsum rich regolith and the other lithologies. Water coherence test show there are not significative differences among four litotoghies (all belong to classes 1 & 2).
2.2. Moisture, buli< density and temperature patterns, were observed along six months. Moisture values show differences among three depths: surficial values show a great increase (up to 3.77 and 60.95%) since Summer to early Winter, 0-5 cm depth show a more moderate increase (up to 6.68 and 39.04%), and 5-10 cm depth show the minor increase (up to 12.05 and 35.37%) but it is not a constant increase (Table 2) .
Bulk density values are relatively high in Summer and show a strong decrease at early Autumn wich is constant and moderate for all Autumn (Table 3) .
Air temperature record (Fig.3) show a strong daily range of variation, mainly in Summer (between 16.5°C and 4.9°C) in Autumn the range is a few less (between 14.8°C and 1.5°C) with freezing almost daily since November; but soil temperature shows a more high daily range of variation in Summer, it depends on the lithology and orientation (north red regolith between 18.7°C and 4.2°C, south red regolith between 40.1 °C and 11.9°C, and north gypsum rich regolith between 27.7° and 6.2°C). Snow blanket favoured a permanent freezing in Autumn, temperatures are also cooler than air (air daily amplitude between 14.8 and 1.5, north red regolith between 10.2°C and 0°C, and gypsum rich regolith between 13.6°C and 0°C).
Spatial heterogeneity of bulk density and moisture are obtained for pi and p2, bulk density show a range of variation in pi between 10-20% and about 20% in p2; and gravimetric moisture show a range of varitation in pi between 12-19% and about 30% in p2 (table 4) .
Bulk density and gravimetric moisture show a negative correlation in three of the four litologhies ( fig.4) : pi (R= -0.879), p2 (R= -0.657) and p4 (R= -0.863), significant at the 1 -5% level and there is no correlation in p3 (R= -0.469, significant at the 10% level); on the other hand, no correlation can be observed between bulk density and volumetric moisture. Relationships between bulk density and surface regolith temperatures were performed with the same method, and we obtained a high correlation between bulk density and surface temperatures in pi (R= 0.853), p2 (R= 0.794) and p4 (R= 0.792), significant at the 1 % level and a lower correlation in p3 (R= 0.542, significant at the 5% level). (rills, pipes, popcorns, etc..) and a quantitative information of regolith cracking and clay swelling. Cracking behaviour can be related to regolith moisture values. Through ¡mage processing analysis we obtained values of cracking pattern in the plots studied. Most significant photographs of three plots, on three different dates: 25/7/91, 31/10/91, 7/11/91, and for different moisture percentages are presented in Fig.5 .
Photographical analysis, give a qualitative information of processes
A statistical study of clods distribution has been accomplished for three plots (Table 5 ). We can say that when moisture is under 15% a strong process of cracking occurs in the regolith, wich agrees the wheatering and erosion processes. 
2.4.
Laboratory experiments, after 7 freezing-thawing and 3 wettingdrying cycles, quantitative information about volumetric changes of the clays and the weatering water-ice effect was obtained; with the Laser Profile Meter, we have measured volumetric changes between 10 and 20% of increase, the highest increases were obtained at freezing-tawing cycles and in the yellow regolith, red regolith shows as more important response a strong granulation of the surface. Bulk density values of laboratory experimental samples were not significantly different from field values, only p1 shows higher bulk density values that field observations. We are working in this way to obtain more significant information along the experiment.
Discussion and conclusions
Looking at correlation values we can say that bulk density changes are strongly related with moisture variation and high amplitude of daily temperatures, these relationships are inverse and direct respectively ( fig.6 ). (Densidad, en gr/cm^, relacionada con la humedad gravimétrica (%), para cuatro litologías).
This phenomenon depends on the kind of lithology and agrees with the observations of BROWN & PAYNE (1990) . Daily freezing-thawing alternance, allow the ice lenses to grow in different regolith levels, being the suction ice effect over the soil water the reason of this phenomenon (MILLER, 1980) . This phenomenon produces low density levels, which change distribution of particles and structure, increasing the porosity and slaking the aggregates. When thawing occurs, the pore space occupied by the ice is saturated by the melting water, which further contributes markedly to regolith alteration, because a mild addition of water weak internal cohesion forces of the aggregates (FARRES, 1978) , increasing the slaking effect. Another important ice-water cycles effect is the popcorn-like formation, which is attributed to daily cycles of swelling and shrinking, especially on steep slopes by II^^ESON & VERSTRATEN, (1988) . This phenomenon has been observed by us only after a large period of time with freezing-thawing cycles.
Cracking is a process which occurs by very low moisture percentages P1 S. G. MOIS.
25/07/91 3.8 % 
0) 13
(under 15%), and induces the microrill formation (ENCELEN, 1973) ; these may act as a way of sediment transport when rainstorm occurs (HAIGH, 1978) , favouring the erosion and transport processes. Laboratoring experiment showed a quick and strong swelling response on yellow regolith, red regolith response was not so significant, but probably it could show similar changes of volume with a higher number of cycles; this can be related with the great percentages of dolomite and calcite in red and yellow regoliths respectively, because dolomite is more stable than calcite and can act as a bonding agent. All this suggests the importance of lithology in the weathering processes.
As main conclusions we can say that the surficial alterations on smectitic rich clay regolith depends, in this area, on moisture and surficial temperatures (0-5 cm.), mainly when these parameters are extreme. The main weathering rates were recorded on two seasons:
1. Autumn, when daily freezing-thawing cycles occurs (daily amplitudes between 13.6°C and 0°C) and regolith shows high gravimetric moisture values (more than 20%); this produces an increase of the porosity, and weaken the internal cohesion forces.
2. Summer, with strong daily surficial temperature amplitudes, (between 27.7°C and 4.2°C) and with a very low gravimetric moisture (3-5%); the surficial dessication crack system developed on these conditions induce the weathering and erosion processes.
